Abstract. Cesium 137 is considered an alternative candidate for the gamma source to be used in irradiators in place of CO 60 because it is a long-lived gamma emitter and is a by-product of nuclear fission. Large quantities of Cs 137 have been present in stored fission product high level waste and much larger quantities are potentially available from the operation of nuclear power reaction. Cs is isolated from the high level waste by Cs specific sorbant and converted in to glassy form to have safe use of highly radiotoxic isotope for irradiators in public domain. were prepared. Basic characteristics like fusion temperature, pouring temperature, homogeneity of the melt and its durability at room temperature in air (Hygroscopic nature) were noted for screening probable candidate glass formulation. The selected glass formulation was further characterized for its thermal properties like volatility loss at melting temperature, glass transition temperature and linear expansion coefficient by thermal analyzer and homogeneity by SEM/EDX and XRD.
Introduction
With increasing need of gamma irradiators for industrial scale applications like blood irradiation, food, agricultural and medicine for disinfection and sterilization based on radiation processing, the irradiators based on Co 60 gamma sources are not adequate for these applications. The irradiator based on Cs 137 source is considered as an alternative for these applications. Though the Cs 137 gamma radiation energy is (0.66 Mev), comparatively much lower than Co 60 (~1.2 Mev & 1.3 Mev. -combined energy 2.5 Mev), the T 1/2 of 30 years for Cs 137 is considerably higher than that for Co 60 with T 1/2 of 5.3 years, which enhances the life span of the irradiator without frequent source replacement. Cs 137 isotope is one of the fission product formed during the fission of U and Pu in the reactor with very good yield. The total Cs 137 content in the fission product is 35% of total Cs. During reprocessing of the spent fuel Cs is routed to high level radio active aqueous stream and is associated with many other fission products. The safety of the radiation source is of utmost importance as its utility is in public domain. The considerations in defining source safety are the physical characteristics of the source form, compatibility between source and container material, the ability of the source form so as to remain isolated from the human biosphere in the event of accidental conditions. Unlike Co 60 source, which is very stable and available in monolithic metallic form, Cs is highly reactive metal and is only stable in the form of its salt like CsCl or Cs 2 3 were weighed in required proportion, mixed in agate mortar and fired at 700 o C for ½ hour and soaked at melting temperatures for one hour and poured in platinum dish. The sample for SEM and TMA analysis were prepared by casting molten glass in graphite mould and annealed at 450 0 C for 2 hours. Glass beads were prepared by pouring glass melt from small Platinum funnel. Basic characteristics like fusion temperature, pouring temperature, homogeneity of the melt and its durability at room temperature in air (Hygroscopic nature) were noted for screening probable candidate glass formulation. The selected glass formulation was further characterized for its thermal properties like volatility loss at melting temperature, glass transition temperature and linear expansion coefficient by thermal analyzer and homogeneity by SEM/EDX and XRD.
Result and discussion

Cesium Iron Phosphate Glasses
Cesium aluminium phosphate and iron phosphate glasses were studied word wide because of its attractive feature of low melting with good chemical durability [1, 2] . The Cs 2 O-Fe 2 O3-P 2 O 5 glasses were synthesized as per the formulations given in table 1. The P 2 O 5 : Fe 2 O 3 mole ratio was kept at ~ 1:2. It is observed that glasses up to 28 mole % of Cs 2 O could be poured at 850 o C and are stable at ambient temperature and humidity levels. However, these glasses have very poor mechanical strength and highly devitrifying characteristic. The glasses with 32 and 35 mole % of Cs 2 O could be poured at 900 o C but are highly hygroscopic in nature. Though the glasses with high specific activity of 8-12 Ci/gm could be prepared, the phosphate glasses were not considered as the candidate source material due to poor mechanical strength and higher density as compared to borosilicate glass matrices. In addition the process involves handling of corrosive chemicals like P2O5 which is not desirable in radioactive plant. Hence detailed characterization of the products formed was not pursued further. does not exceed 35 mole % (Tables 3, 4 ). It is observed that glasses > 28 mole % of total alkali are hygroscopic in nature. Lithium is known for its very good fluxing property to reduce the glass melting temperature, in addition being low atomic weight element; it is possible to have glasses with higher specific activity as compared to that containing same mole % Na 2 O as the fluxing oxide. The minimum melting temperature that could be achieved by Na 2 The homogeneity of the glass product was analyzed by powder XRD and SEM/EDX analysis. The SEM analysis and semi quantitative compositional analysis indicates that the product is homogeneous.
Thermal Analysis
The thermo gravimetric (TG) analysis (Figure 1 ) was carried out to study volatility losses of constituent oxides at high temperature. The major concern is of Cs 2 O which is volatile above ~ 700 0 C and shall result in product with reduced specific activity. It is known that B 2 O 3 partially helps in the reduction of Cs 2 O volatility [3] . Hence the glasses with higher B 2 O 3 content are desirable. The TG curve of the glass indicates continuous loss starts 8000C. The glass was held at 850 0 C for 2 hours indicating total wt loss of 1.62 %. The major wt loss is attributed to Cs 2 O and associated cesium borate species. The glass transition temperature and softening temperature were determined by TMA analysis (Figure 2) . The important properties of the selected glass are given in Table 5 . Ten grams of glass sample (-16 +25 mesh grain size) was subjected to leaching at 1000C in distilled water. After every 24 hrs the glass sample was removed, dried and weighed. The test was continued for 7 days. The leach rate was determined in gm/cm2/day on wt loss basis. 
Source Preparation
Methodology of making gamma source for irradiator in the form of glass pencil of the required dimension has to be very simple, as it requires remote handling gadgets for processing large quantity of radioactive material. The filling of glass in container of the pencil can be carried out by pouring glass melt directly or by filling it with pre fabricated small glass spheres and re-melting it to get the homogeneous product. Images Figure 3 shows freely pouring of the molten glass, glass beads and pencil prepared from inactive Cesium salt.
Pouring of glass melt from crucible Glass pencil (2cm Ø, 20 cm Length, 160 gm, 1200 Ci.)
Solidified glass slab (CLBS 28) Glass beads (CLBS 28) Figure 3 . Images of CLBS 28 glass during preparation
Conclusion
From the present investigation it is observed that addition of Li2O reduces melting temperature (Tm) and viscosity ( ) of Cs containing glasses considerably, enabling glass formation at low temperature thus reducing Cs volatility during the process. Cs glass with high Specific activity of the order of 12 Ci/gm with density of 3 gm/cc could be prepared.
